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wheel is mounted in a gimbal with a wvertical axis in the
forward part of the chassis and connected to the front wheel
fork and post to turn the front wheel responsive to the
rotation of the gimbal relative to the chassis. The chassis
further includes a radio receiver, battery power and a steer-
ing device, such as a motor and slip clutch for torquing the
gyro wheel gimbal. To turn in a first direction the gyro
gimbal is torqued in the opposite direction, initially causing
the front wheel to also turn in the opposite direction. As the
motorcycle and the gyro lean into the turn, a correcting
torque is generated by the gyro and caster of the front wheel,
overcoming the initial steering torque to maintain the proper
steering angle and balance for the motorcycle. Various
embodiments are disclosed.
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GYRO STABILIZED REMOTE
CONTROLLED TOY MOTORCYCLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of toy radio
controlled two wheel vehicles such as toy radio controlled
motorcycles.

2. Prior Art

Various types of gyro stabilized two wheel toys and radio
controlled two wheel toys are well known in the prior art. By
way of example, in U.S. Pat. No. 1,513,143, a gyroscopic
controlled wheeled toy is disclosed wherein a gyro wheel
has an axis nominally parallel to the axis of a fixed rear
wheel, with a vertical gimbal axis coupled to a castered front
wheel of the vehicle so that the gyro wheel will stabilize the
vehicle in its direction of travel. Nominally, the gyro wheel
will stabilize the vehicle for straightforward motion, though
it is said that changing the length of linkage between the
gimbal and the steerable front wheel will vary the course
followed by the vehicle. In U.S. Pat. No. 4,342,175, a radio
controlled motorcycle is controlled by shifting weights
sideways on the vehicle to induce or eliminate turns. In U.S.
Pat. No. 4,290,228, controllable outriggers are used to
provide toy vehicles with automatic banking, the outriggers
preventing the vehicle from falling over when the vehicle
balance itself would not prevent the same.

The use of outriggers can be effective in providing sta-
bility for the vehicle, though outriggers are not suitable for
use on rough surfaces, such as parking lots, driveways,
sidewalks and the like because of the need for a substantially
flat surface to prevent the outriggers from catching on high
spots and/or holding the vehicle off the ground to prevent
traction by the rear drive wheel. Controlling steering by
shifting weights solves this problem, though the stability of
the resulting vehicle is speed dependent, the vehicle having
a tendency to fall over at low speeds. The addition of a gyro
wheel for stability purposes solves the low speed stability
problem, though heretofore the inventor is unaware of any
gyro stabilized two wheel vehicles which include a radio
controlled steering capability.

SUMMARY OF THE INVENTION

Gyro stabilized remote controlled toy motorcycle having
good stability and controllability without using ground con-
tacting auxiliary wheels or the like. The motorcycle com-
prises a chassis supporting a fixed angle rear wheel drive and
associated motor and a castered front wheel. A gyro wheel
having an axis nominally parallel to the axis of the rear
wheel is mounted in a gimbal with a vertical axis in the
forward part of the chassis and connected to the front wheel
fork and post to turn the front wheel responsive to the
rotation of the gimbal relative to the chassis. The chassis
further includes a radio receiver, battery power and a steer-
ing device, such as a motor and slip clutch for torquing the
gyro wheel gimbal.

To turn in a first direction, the gyro gimbal is torqued in
the opposite direction, initially causing the front wheel to
also turn in the opposite direction. This causes the chassis of
the motorcycle to lean in the direction of the desired turn.
The characteristics of the motorcycle in a turn depends on
the selection of the relevant parameters used, such as the
gyro wheel momentum, the weight of the motorcycle and the
height of the center of gravity of the motorcycle, the amount
of caster of the front wheel and the torque applied in the turn,
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if any. As the motorcycle and the gyro lean into the turn, a
correcting torque is generated by the gyro and caster of the
front wheel. Once in a turn, the gyro will stabilize the
motorcycle at whatever steering radius the motorcycle is in.
With one selection of parameters, the motorcycle will sta-
bilize in the turn so long as the steering torque is applied, and
automatically right itself when the steering torque is
removed. With another selection of parameters, the motor-
cycle will stabilize in a turn after the steering torque has
been applied to establish the turn and then removed. In this
case, applying torque to the gyro again will either straighten
the motorcycle to terminate the turn, or will cause the
motorcycle to lean further into the turn, depending upon the
direction of the torque provided. In either case, increasing
the speed of the motorcycle will increase the turning radius
and decreasing the speed will decrease the turning radius.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a view of the preferred embodiment of the
gyro-stabilized, remote-controlled toy motorcycle of the
present invention.

FIG. 2 is a partial cross section of the toy motorcycle of
FIG. 1 showing the major components thereof.

FIG. 3 is a perspective view looking upward at the gimbal
and steering assemblies of the preferred embodiment of the
present invention.

FIG. 4 is a schematic illustration of the mechanism shown
in FIG. 3.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

First referring to FIG. 1, a view of the preferred embodi-
ment of the gyro-stabilized, remote-controlled toy motor-
cycle of the present invention may be seen. The motorcycle,
generally indicated by the numeral 20, is aesthetically con-
figured to look like a modern high performance motorcycle
with a rider 22 and an aerial 24 for receiving remote-control
radio signals from a user-operated controller 26. The radio
control may be of conventional design, such as of the type
used for other radio-controlled model vehicles and aircraft,
in the preferred embodiment including steering controls and
speed controls. In one embodiment disclosed herein, the
steering control is a three-position control, straight ahead,
left turn and right turn. In this case, the radius of the turn will
depend upon the current speed of the motorcycle, a com-
manded turn having a larger turning radius the faster the
motorcycle is moving. However, if desired, proportional
control of the turning may readily be provided, as subse-
quently described herein. Also, the speed control itself may
be proportional control or a selection between two or more
discrete speeds, as desired.

One of the characteristics of the radio-controlled toy
motorcycle of the present invention is the absence of any
outrigger-type wheels or skids of any kind to keep the
motorcycle from falling over when in operation. Instead, the
same is gyro-stabilized in a manner to be described so as to
provide excellent stability at substantially any speed,
whether operating in a straight forward direction or negoti-
ating a turn.

Now referring to FIG. 2, a partial cross section of the toy
motorcycle of FIG. 1, showing the major components
thereof, may be seen. The motorcycle is characterized by left
and right shell-type chassis members 28, housing various
components of the motorcycle and supporting other com-
ponents thereof. In particular, the chassis members 28, only
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one of which is visible in FIG. 2, support a first motor 30,
together with a swing arm assembly 32 supporting the rear
wheel 34 and mounted for swinging about the axis of the
drive shaft of the motor 30. In the embodiment shown, a
pulley 36 on the motor drives a pulley 38 on the rear wheel
through a drive belt 40, the pulleys and drive belt being
generally enclosed with the hollow swing arm 32. The entire
swing arm and rear wheel assembly is spring mounted to the
chassis by spring 42 pushing against a rear fender 44
supported from the swing arm 32, the spring being confined
and supported by coil spring support member 46. Obviously
in other embodiments, other drive mechanisms, such as gear
drives and the like, may be used as desired.

At the front of the motorcycle, the front wheel 48 is
supported for rotation on fork 50, which is integrally
coupled to steering post 52 and supported for rotation about
the steering post axis 52 by steering post support 54,
supported from the chassis members 28. It will be noted that
steering post 52 is inclined in an aft direction in the preferred
embodiment, preferably in the range of approximately 17 to
20 degrees, and that the axis of the steering post approxi-
mately passes through the axis of the front wheel to give the
front wheel a caster affect, tending to turn the front wheel in
the direction the motorcycle is leaning to encourage the
motorcycle toward an upright position when in motion.

Also mounted to the chassis members 28 is a gimbal
assembly 56, supported from above and below by gimbal
bearings 58 and 60 for rotational movement about a vertical
axis. The gimbal assembly supports a second motor 62,
visible in phantom in FIG. 2, having in this embodiment a
through shaft 64 with a flywheel-like member 66 on each
end of the shaft. These flywheel-like members, when
spinning, provide a gyroscopic affect, the use of which shall
be subsequently described.

Also supported from the chassis members 28 is a third
motor 68 driving a gear train, generally indicated by the
numeral 70, through a slip clutch 72. The slip clutch limits
the torque which may be provided through the gear train, the
gear train itself torquing the gimbal assembly 56 about its
vertical rotational axis. The torquer in the preferred embodi-
ment is a conventional DC motor with a centrifugal-type slip
clutch which, when the motor is off, provides no friction
between the driving centrifugal clutch member and the
driven member, as the centrifugal members elastically with-
draw from contact with the driven member whenever the
motor is not on.

Connected and rotatable by the gimbal assembly 56 is a
gear 74 which mates with a gear 76, supported for rotation
on axis 78. These components may also be generally seen in
the perspective view of FIG. 3, looking upward at the gimbal
and steering assemblies, and in FIG. 4, a schematic illus-
tration of the mechanism being described. Integrally con-
nected to gear 76 is an arm 80 having a pin 82 thereon, fitting
within a mating slot 84 (see FIGS. 3 and 4 particularly) in
arm 86 connected to the steering post 52 (see FIG. 2),
controlling the front wheel. As illustrated in FIG. 4, the
interconnection of elements just described causes the rota-
tion of the steering post 52, and thus the steering of the front
wheel, in the same direction as the rotation of the gimbal
assembly 56. Preferably the interconnection just described
between the rotational gimbal assembly and the front wheel
steering should be a free (non binding and relatively low
friction) coupling, though the same should also preferably
have a minimum looseness, or slop, so that the gimbal
assembly and front wheel will move substantially in unison.
Also visible in FIG. 2 is the circuit board 88 containing the
radio receiver, control signals, decoder and motor drivers,
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and a plurality of batteries 90 housed in the lower part of the
chassis within the battery case 92. The batteries, being
relatively heavy, are preferably kept relatively low in the toy,
thereby lowering the center of gravity of the toy to make the
stability thereof easier to achieve.

Having now described the basic components of the radio-
controlled toy motorcycle of the present invention and the
general inter cooperation thereof, the actual operation and
control of the motorcycle will now be described. Obviously,
the radio control of power to the rear wheel drive motor 30
controls the rate of rotation of the rear wheel 34, and thus the
speed of the motorcycle. When operating, the flywheel-like
members 66 rotate in the direction of the arrow shown both
in FIGS. 2 and 3, the flywheel-like members rotating in the
same general direction as the wheels of the toy motorcycle,
though of course normally operating at a substantially higher
angular velocity. When the motorcycle is proceeding straight
ahead, any tendency of the motorcycle to lean to either side
will cause the flywheel-like members to precess, rotating the
gimbal in a direction to steer the motorcycle in the direction
of the leaning. This, in essence, steers the motorcycle to
drive the wheels thereof back under the center of gravity of
the toy motorcycle, thereby eliminating the lean (the center
of gravity of the motorcycle of course preferably being in the
plane of the front and rear wheels of the motorcycle when
the front wheel is pointing straight ahead).

To turn right, the remote control is used to turn on motor
68 to torque the gimbal assembly 56 to rotate the same to
initially turn the front wheel of the motorcycle to the left
(shown in phantom in FIG. 4). This has the effect of moving
the wheels of the toy motorcycle to the left of the center of
gravity, effectively creating a lean to the right. The charac-
teristics of the motorcycle in a turn depend on the selection
of the relevant parameters used, such as the gyro wheel
momentum, the weight of the motorcycle and the height of
the center of gravity of the motorcycle, the amount of caster
of the front wheel and the torque applied in the turn, if any.
As the motorcycle and the gyro lean into the turn, a
correcting torque is generated by the gyro and caster of the
front wheel. Once in a turn, the gyro will stabilize the
motorcycle at whatever steering radius the motorcycle is in.
With one selection of parameters, the motorcycle will sta-
bilize in the turn so long as the steering torque is applied, and
automatically right itself when the steering torque is
removed. With another selection of parameters, the motor-
cycle will stabilize in a turn after the steering torque has
been applied to establish the turn and then removed. In this
case, applying torque to the gyro again will either straighten
the motorcycle to terminate the turn, or will cause the
motorcycle to lean further into the turn, depending upon the
direction of the torque provided. In either case, increasing
the speed of the motorcycle will increase the turning radius
and decreasing the speed will decrease the turning radius.

The characteristics of the motorcycle in a turn may be
changed, by way of example, just by changing the velocity
of the flywheel-like member. In a preferred embodiment, the
parameters are selected so that the motorcycle will generally
stay in the turn after the steering torque is removed, though
over time will slowly right itself, defining a motorcycle path
of motion spiraling out to a straight line. This has been found
to provide good stability to the motorcycle both when in a
turn and when traveling straight ahead, and allows the on-off
characteristics of the steering motor to increase or decrease
a turn as desired. It also avoids the normal variation of
parameters causing the motorcycle to spiral into a tighter
and tighter turn after removal of the steering torque. Such a
selection of parameters is preferably avoided, as the motor-
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cycle then not only becomes unstable in a turn, but would be
expected to be unstable when traveling straight ahead,
starting a spiraling turn on the occurrence of any directional
perturbation when operated on a surface of any roughness.

The net result of the foregoing description is a radio-
controlled toy motorcycle which is particularly stable,
whether proceeding straight ahead or turning to the left or
right and which, like real motorcycles, can make much
sharper turns at low speed than at high speed. Prototypes of
the present invention exhibit sufficient stability so as to be
readily operable on surfaces which are not particularly
smooth, such as dirt paths, asphalt surfaces having some
small, loose gravel, etc., and even exhibiting sufficient
stability to go over jumps and the like without falling over.

As an alternative to the foregoing, the steering motor 68,
gear train 70 and slip clutch 72 may be replaced if desired
by some form of proportional torquing device, such as by
way of example, a DC torquer of the general type used in the
instrumentation field. Such a torquer will apply a torque to
the gimbal assembly 56 in the direction of, and directly
proportional to, the polarity and the magnitude, respectively,
of the DC voltage applied to the torquer. Such a torquer
arrangement, as well as others one might choose to use,
would allow proportional steering through the appropriate
proportional radio control signal (channel of a multiple
control channel signal), thereby allowing gentle, low speed
turns as well as faster higher speed turns.

While the present invention has been disclosed and
described with respect to certain preferred embodiments
thereof, it will be understood to those skilled in the art that
the present invention may be varied without departing from
the spirit and scope thereof.

What is claimed is:

1. A toy motorcycle responsive to steering commands to
steer the motorcycle in a commanded left turn or right turn
steering direction comprising:

a rear wheel having a nonsteerable axis of rotation sub-
stantially perpendicular to a fore and aft orientation of
the motorcycle and a drive system for causing rotation
of the rear wheel;

a front wheel supported for rotation on a steering post, the
steering post being rotatable to cause the axis of
rotation of the front wheel to swing to either side of a
position wherein the axis of the front wheel is substan-
tially parallel to the axis of the rear wheel, the steering
post being inclined in an aft direction with respect to
vertical to tend to turn the front wheel in the direction
the motorcycle is leaning to encourage the motorcycle
toward an upright position when in motion;

a gyro wheel and gyro wheel drive motor mounted in a
gimbal having a substantially vertical axis, the gimbal
being rotatable about the vertical axis to cause the axis
of rotation of the gyro wheel to swing to either side of
a position wherein the axis of the gyro wheel is parallel
to the axis of the rear wheel, the gyro wheel drive motor
rotating the gyro wheel in the same direction as the rear
wheel of the motorcycle;

the gimbal being coupled to the steering post to rotate the
steering post in the same direction as the gimbal; and,

a torquing device controllably torquing the gimbal in
accordance with the motorcycle steering commands
and in a direction to initially turn the front wheel of the
motorcycle in a direction opposite to the commanded
steering direction, the configuration of said front wheel
and said steering post in combination with the gyro
wheel thereafter providing a natural stability for the toy
motorcycle in the turn when the toy motorcycle is in
motion.
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2. The toy motorcycle of claim 1 wherein the gyro wheel
rotates at a predetermined speed so that the motorcycle will
automatically come out of a turn to proceed in a straight line
when the torquing device is turned off.

3. The toy motorcycle of claim 1 wherein the gyro wheel
rotates at a predetermined speed so that the motorcycle,
when in a turn, will generally continue in the turn when the
torquing device is turned off.

4. The toy motorcycle of claim 1 wherein the gyro wheel
rotates at a predetermined speed so that the motorcycle,
when in a turn, will generally continue in the turn when the
torquing device is turned off, slowly spiraling with an
increasing radius of curvature toward a straight forward

ath.
P 5. The toy motorcycle of claim 1 wherein the torquing
device comprises a motor and a slip clutch.

6. The toy motorcycle of claim 1 wherein the torquing
device comprises a motor and a centrifugal slip clutch.

7. The toy motorcycle of claim 1 further comprising a
battery power source and a radio receiver, the radio receiver
controlling the battery power to the rear wheel drive system
to control speed of the toy motorcycle, and controlling the
torquing device to steer the toy motorcycle.

8. The toy motorcycle of claim 1 wherein the steering post
is inclined in an aft direction with respect to vertical approxi-
mately 17 to 20 degrees.

9. A two wheeled toy responsive to steering commands to
steer the toy in a commanded left turn or right turn steering
direction comprising:

a chassis;

a rear wheel supported by the chassis and having a
nonsteerable axis of rotation and a drive system for
causing rotation of the rear wheel,

a front wheel supported for rotation on a steering member,
the steering member being supported on the chassis and
being rotatable to cause the axis of rotation of the front
wheel to swing to either side of a position wherein the
axis of the front wheel is parallel to the axis of the rear
wheel, the steering member being inclined in an aft
direction with respect to vertical to tend to turn the front
wheel in the direction the toy is leaning to encourage
the toy toward an upright position when in motion;

a gyro wheel and gyro wheel drive motor mounted in a
gimbal having a substantially vertical axis, the gimbal
being supported in the chassis and rotatable about the
vertical axis to cause the axis of rotation of the gyro
wheel to swing to either side of a position wherein the
axis of the gyro wheel is substantially parallel to the
axis of the rear wheel, the gyro wheel drive motor
rotating the gyro wheel in the same direction as the rear
wheel of the toy;

the gimbal being coupled to the steering member to rotate
the steering member in the same direction as the
gimbal; and,

a torquing device mounted in the chassis and controllably
torquing the gimbal in accordance with the steering
commands and in a direction to initially turn the front
wheel of the toy in a direction opposite to the com-
manded steering direction, the configuration of said
front wheel and said steering member in combination
with the gyro wheel thereafter providing a natural
stability for the toy in the turn when the toy is in
motion.

10. The two wheeled toy of claim 9 wherein the gyro
wheel rotates at a predetermined speed so that the toy will
automatically come out of a turn to proceed in a straight line
when the torquing device is turned off.

11. The two wheeled toy of claim 9 wherein the gyro
wheel rotates at a predetermined speed so that the toy, when
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in a turn, will generally continue in the turn when the
torquing device is turned off.

12. The two wheeled toy of claim 9 wherein the gyro
wheel rotates at a predetermined speed so that the toy, when
in a turn, will generally continue in the turn when the
torquing device is turned off, slowly spiraling with an
increasing radius of curvature toward a straight forward
path.

13. The two wheeled toy of claim 9 wherein the torquing
device comprises a motor and a slip clutch.

14. The toy of claim 9 wherein the torquing device
comprises a motor and a centrifugal slip clutch.

15. The toy of claim 9 further comprising a battery power
source and a radio receiver mounted in the chassis, the radio
receiver controlling the battery power to the rear wheel drive
system to control speed of the toy, and controlling the
torquing device to steer the toy.

16. The toy of claim 9 wherein the steering post is inclined
in an aft direction with respect to vertical in the range of
approximately 17 to 20 degrees.

17. The toy of claim 9 wherein the rear wheel is supported
by the chassis through a rear wheel suspension spring
mounted to the chassis, and wherein the rear wheel drive
system includes a motor mounted to the chassis.

18. A method of stabilizing and steering a toy having a
rear wheel and a steerable front wheel castered to tend to
automatically steer in the direction the toy leans, the toy
being responsive to steering commands to steer the toy in a
commanded left turn or right turn steering direction, com-
prising the steps of:

providing a spinning gyro wheel in a gimbal having a

substantially vertical axis, the gimbal being rotatable
about the vertical axis to cause the axis of rotation of
the gyro wheel to swing to either side of a position
wherein the axis of the gyro wheel is substantially
parallel to the axis of the rear wheel, the gyro wheel
spinning in the same direction as the rear wheel of the
toy;

directly coupling the gimbal to the steerable front wheel

to steer the front wheel in the same direction as the
gimbal rotates; and,

torquing the gimbal in accordance with steering com-
mands and in a direction to initially turn the front wheel
of the toy in a direction opposite to the commanded
steering direction, the caster of said steerable front
wheel in combination with the gyro wheel thereafter
providing a natural stability for the toy in the turn when
the toy is in motion.
19. The method of claim 18 wherein the gimbal is torqued
by a motor driving a centrifugal slip clutch.
20. A stabilizing and steering system in combination with
a toy having a rear wheel and a steerable front wheel
castered to tend to automatically steer in the direction the toy
leans, the toy being responsive to steering commands to
steer the toy in a commanded left turn or right turn steering
direction, said stabilizing and steering system comprising:
a spinable gyro wheel in a gimbal having a substantially
vertical axis, the gimbal being rotatable about the
vertical axis to cause the axis of rotation of the gyro
wheel to swing to either side of a position wherein the
axis of the gyro wheel is substantially parallel to the
axis of the rear wheel, the gyro wheel spinning in the
same direction as the rear wheel of the toy;
the gimbal being coupled to the steerable front wheel to
steer the front wheel in the same direction as the gimbal
rotates; and,
a torquing device for torquing the gimbal in accordance
with steering commands and in a direction to initially
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turn the front wheel of the toy in a direction opposite to
the commanded steering direction, the caster of said
steerable front wheel in combination with the gyro
wheel thereafter providing a natural stability for the toy
in the turn when the toy is in motion.

21. A two wheeled toy, the toy being responsive to
steering commands to steer the toy in a commanded left turn
or right turn steering direction, comprising;:

a chassis;

a rear wheel supported by the chassis and having a
nonsteerable axis of rotation and a drive system for
causing rotation of the rear wheel, the rear wheel being
supported by the chassis through a rear wheel suspen-
sion spring mounted to the chassis, and wherein the rear
wheel drive system includes a motor mounted to the
chassis;

a front wheel supported for rotation on a steering member,
the steering member being supported on the chassis for
rotation about an axis inclined in an aft direction with
respect to vertical to tend to turn the front wheel in the
direction of the toy is leaning to encourage the toy
toward an upright position when in motion, the steering
member being rotatable to cause the axis of rotation of
the front wheel to swing to either side of a position
wherein the axis of the front wheel is parallel to the axis
of the rear wheel,

a gyro wheel and gyro wheel drive motor mounted in a
gimbal having a substantially vertical axis, the gimbal
being supported in the chassis and rotatable about the
vertical axis to cause the axis of rotation of the gyro
wheel to swing to either side of a position wherein the
axis of the gyro wheel is substantially parallel to the
axis of the rear wheel, the gyro wheel spinning in the
same direction as the rear wheel of the toy;

the gimbal being coupled to the steering post to rotate the
steering post in the same direction as the gimbal; and,

a motor and a slip clutch mounted in the chassis and
controllably torquing the gimbal in accordance with
steering commands and in a direction to initially turn
the front wheel of the toy in a direction opposite to the
commanded steering direction, the configuration of
said front wheel and said steering member in combi-
nation with the gyro wheel thereafter providing a
natural stability for the motorcycle in the turn when the
motorcycle is in motion; and,

a battery power source and a radio receiver mounted in the
chassis, the radio receiver controlling the battery power
to the rear wheel drive system to control speed of the
toy, and controlling the torquing device to steer the toy.

22. The two wheeled toy of claim 21 wherein the gyro
wheel rotates at a predetermined speed so that the toy will
automatically come out of a turn to proceed in a straight line
when the torquing device is turned off.

23. The two wheeled toy of claim 21 wherein the gyro
wheel rotates at a Predetermined speed so that the toy, when
in a turn, will generally continue in the turn when the
torquing device is turned off.

24. The two wheeled toy of claim 21 wherein the gyro
wheel rotates at a predetermined speed so that the toy, when
in a turn, will generally continue in the turn when the
torquing device is turned off, slowly spiraling with an
increasing radius of curvature toward a straight forward
path.

25. The two wheeled toy of claim 21 wherein the slip
clutch is a centrifugal slip clutch.

* * * * ®
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